dipstick are presented in Table 1 . Tests were performed as described in manufacturer's instruction including recommended procedures for quality control and maintenance.
| Comparison testing
Comparability between dipsticks was evaluated on 406 patient's samples for bilirubin, hemoglobin, glucose, protein, leukocyte esterase, and nitrite. All urine samples with requested urinalysis and minimal volume of 15 mL (sufficient volume to ensure complete urinalysis on both analyzers including microscopic exam) were included in the study. Samples were recruited in the study until there were at least 10 samples per each report category for each tested analyte. Reported category was defined according to the manufacturer instruction (normal/negative, 1+, 2+, 3+). Combur-10M dipstick was used as a reference method.
| Accuracy testing
Accuracy was evaluated using 229 patient's samples for bilirubin and hemoglobin, 213 for glucose, 43 samples for protein, and 40 urine samples for leukocyte esterase. Only samples with minimal volume of 15 mL (sufficient volume to ensure complete urinalysis on both analyzers including microscopic exam) were included in the study.
Accuracy was tested for both dipsticks by comparing the results of patient's samples obtained by dipstick and using reference methods on Architect c8000 (Abbott, IL, USA) and XN-1000 (Sysmex, Kobe, Japan). Reference methods used were as follows: hexokinase for glucose, diazonium salt for total bilirubin, benzethonium chloride for urine protein, and sample interference indices saline protocol for hemoglobin (original Abbott reagents). Leukocytes were determined using flow cytometry in body fluids mode on XN-1000. Urine samples with positive ascorbic acid were excluded from the accuracy testing.
| Ascorbic acid interference
Ascorbic acid interference was tested for bilirubin, hemoglobin, glucose, and nitrite for both tested dipsticks. For ascorbic acid inter- 
| Statistical analysis
For evaluation of comparability and accuracy, Kappa coefficients with 95% confidence intervals were calculated. Lower limit of 95% confidence interval of Kappa ≥0.6 (moderate level of agreement) was considered acceptable. 9 For comparability testing, results were divided into 2 subgroups according to the presence of ascorbic acid and evaluated separately.
For accuracy testing, results of analyte determination on reference analyzers were converted to report value categories according to Table 1 .
Additionally, to evaluate accuracy, diagnostic specificities and sensitivities were calculated according to the following formulas: 
| RESULTS
Obtained results have shown substantial to almost perfect agreement for all tested parameters between 2 dipsticks in urine samples with negative ascorbic acid ( Table 2) . On the other hand, agreement between tested dipsticks in urine samples with positive ascorbic acid was not acceptable for bilirubin, protein, nitrite, and hemoglobin.
Furthermore, even though agreement was acceptable for glucose and leukocyte esterase, Kappa coefficients were lower than in urine samples with negative ascorbic acid ( Table 2) .
Results of accuracy testing are presented in Table 3 .
Based on the results of Kappa values, accuracy was not acceptable for hemoglobin and leukocyte esterase on both dipsticks. Diagnostic sensitivity was the lowest for hemoglobin on iChem Velocity (68.2%).
All other parameters have shown diagnostic sensitivity from 72% to 100%. Diagnostic specificities were the lowest for leukocyte esterase and hemoglobin on both dipsticks, and the specificities for other tested parameters ranged from 75% to 100% (Table 4) .
Results of ascorbic acid interference examination have shown that intensity of interference differs between dipsticks. Ascorbic acid interferes with glucose, hemoglobin, nitrite, and bilirubin at different concentrations causing false-negative results (Table 5) .
T A B L E 2 Comparability of tested analytes on Combur-10M and iChem Velocity dipsticks depending on ascorbic acid (AA) presence in urine sample iChem Velocity dipsticks were the most impacted by ascorbic acid interference when hemoglobin, bilirubin, and nitrite were tested, and
Combur-10M dipsticks were more impacted when glucose, hemoglobin, and bilirubin were tested.
Results of our study have shown that ascorbic acid interferes with glucose measured on Combur-10M at 20 mg/dL and above 200 mg/ dL on iChem Velocity, with hemoglobin at 20 mg/dL on both tested dipsticks, with nitrite at 50 mg/dL on iChem Velocity and above 200 mg/dL on Combur-10 M, and with bilirubin at 50 mg/dL on both tested dipsticks (Table 5 ).
| DISCUSSION
The main finding of our study was that tested dipsticks can be used interchangeably despite differences in specifications only if samples are negative for ascorbic acid. Accuracy of tested dipsticks is not satisfactory for their usage as screening method for some analytes and interference study showed that ascorbic acid has different impact on dipsticks and impact is not in concordance with manufacturer claims.
Findings above indicate that it is important to be careful when purpose of urine chemistry testing is considered. Although urinalysis is used as a screening in diagnosis of urinary tract infections, kidney disorders, liver problems, diabetes, or other metabolic conditions, our study indicates that there are several problems which we should keep in mind when results of dipstick tests are interpreted.
First of all, definition of screening test means that test can be used in a general population who are not aware of disease to identify the disease. 10 In the other words, diagnostic sensitivity of these tests should be high. Our results have shown low diagnostic sensitivity for
hemoglobin and bilirubin for both tested dipsticks. This means that these tested strips should not be used as a screening for detection of hematuria and hyperbilirubinemia. Even though other tested parameters have shown high diagnostic sensitivity, leukocyte esterase and hemoglobin on both tested dipsticks have shown low specificity which means that positive leukocyte esterase and hemoglobin should be confirmed by confirmation method (eg, urine microscopy).
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In the study of Zamanzad, urine samples were screened for protein, glucose, hemoglobin, and nitrite using standard dipsticks (Uriyab-8, Bakhtar Chemistry Co., Kermanshah, Iran). Author concluded that dipstick urinalysis can be a reliable screening method for diagnosis of urinary tract infections and diabetes mellitus but not for proteinuria as a marker of renal insufficiency or renal target organ damage. T A B L E 5 Ascorbic acid interference on tested analytes on iChem Velocity and Combur-10M dipsticks On contrary, Devillé et al 6 concluded that the urine dipstick alone seems to be useful in all populations to exclude the presence of infection if the results for both nitrites and leukocyte esterase are negative
As mentioned above, our results have shown that the diagnostic specificity of tested dipsticks for leukocyte esterase is low and not suitable for diagnosis of urinary tract infections. We did not test diagnostic accuracy of nitrite, but it is possible that combination of these 2 parameters improves diagnostic accuracy of urinalysis for urinary tract infections.
All these results indicate that dipsticks are not suitable for screening of all chemical urinalysis parameters and that all dipsticks do not have same specifications. Furthermore, to reduce costs, "negative" urinalysis test results are not usually followed up with additional confirmatory tests. 4, 13, 14 Although iChem Velocity dipsticks claim to be more sensitive for protein, glucose, and hemoglobin, obtained diagnostic sensitives for those parameters are the same, or even slightly worse than on Combur-10M dipsticks.
All facts stated above indicate that analytical sensitivity claimed by manufacturer does not provide information about diagnostic accuracy of urine dipsticks.
Our results have also shown that ascorbic acid interference has different impact on different dipsticks and that real interference impact is seriously overlooked in the manufacturer claims.
Roche states that ascorbic interference is almost completely elim- on Roche chemistry strips. 18 Brigden et al 19 also reported false-negative results for glucose and hemoglobin on 4 different urine dipsticks. One of the tested strips was Chemstrip (US brand of the Combur-Test by Roche Diagnostics), and interference effect of ascorbic acid was similar to effect of ascorbic acid on glucose and hemoglobin in our study.
In the study of Nagel et al, 20 Together with the results of our study, above-mentioned results lead to the conclusion that ascorbic acid is very important interfering factor that can cause false-negative results for urine chemistry analysis. That is why the possibility of the ascorbic acid detection in urine offered by iChem Velocity dipsticks could be of great help to avoid misdiagnosis. For urine specimens positive for ascorbic acid, the results of chemistry urinalysis should be reported with a comment in order to help physicians to interpret results appropriately. The other solution is a use of ascorbic acid-resistant dipsticks, but their shortcoming is that they do not eliminate possible interference of high ascorbic acid concentrations. 13 It is also important to emphasize that ascorbic acid interference on used dipsticks has to be confirmed in laboratory despite manufacturer claims.
There are also a few limitations of the study. First of all, it was not possible to check is there any other interfering factor besides ascorbic acid in tested urine samples. Furthermore, ascorbic acid interference was not tested in urine samples of patients who ingested vitamin C, but the results of comparability testing have shown that ascorbic acid has effect on tested dipsticks in clinical urine samples.
| CONCLUSION
Results of our study indicate that it is necessary to determine diagnostic accuracy of used urine dipsticks in laboratory and in concordance with obtained results define purpose of urinalysis. It is also of extraordinary importance to choose dipstick with ascorbic acid indicator and also to examine ascorbic acid impact on dipstick analytes independently of manufacturer claims.
